This paper reports both the optimization of aconitine entrapment and its release from biodegradable poly(d,l-lactide-coglycolide) (PLGA) nanoparticles prepared using the O/W single-emulsion/solvent-evaporation technique. The in‰uence of several parameters, such as the initial aconitine mass, aqueous-phase pH, volume ratio of aqueous/organic phase (W/O), PLGA concentration in the organic phase, etc., on aconitine encapsulation were investigated. The optimized nanoparticles had an entrapment e‹ciency of 88.40±3.02％ with drug loading capacity of 9.42±2.93％. Crystallization growth, which played a crucial role in hindering the incorporation of aconitine into the polymer carrier, was proposed. DiŠerential scanning calorimetry and X-ray powder diŠraction demonstrated that aconitine existed in an amorphous state or as a solid solution in the polymeric matrix. The in vitro release proˆles exhibited a sustained release of aconitine from nanoparticles and a pH-dependent character in phosphate-buŠered saline with diŠerent pH values. Moreover, aconitine-loaded PLGA nanoparticles could lead to improvement in the stability of aconitine. This work demonstrated the feasibility of encapsulating aconitine into PLGA nanoparticles using the O/W single-emulsion/solvent-evaporation technique.
INTRODUCTION
Aconitine (Fig. 1) , a crystalline drug, is the main alkaloid in plants of the genus Aconitum. Although its clinically therapeutic mechanism remains obscure, 1) the extracts of Aconitum plants are widely used in clinic in China and other East Asian countries 2) owing to the good eŠect against pain and in‰ammations. 3, 4) Additionally, in in vitro tests in the human tumor cell lines of the National Cancer Institute, USA, the IC50 value of aconitine (NSC 56464) in the SNB-75 cell line that originated from a central nervous system tumor, was less than 100 mM, therefore warranting further investigations on its applications in the treatment of cancer. Aconitine is currently commercially available in various pharmaceutical forms, such as injections, capsules, etc. However, poor solubility in water (approximately 20 mg/ml) 5) and in physiologically acceptable organic solvents and instability problems induced by hydrolysis 6) present serious obstacles in the formulation of aconitine. Aconitine injection, which is extensively applied in treating advanced carcinomatous pain clinically, was reported to have many disadvantages such as serious adverse eŠects, short storage time due to instability, and patient low compliance caused by the need for high-frequency administration. As a consequence, it would be useful to develop a feasible, eŠective strategy to address these problems and thus increase the eŠects of aconitine.
Novel drug-delivery systems such as biodegradable nanoparticles may be an alternative approach to achieve the above aim. Nanoparticle drug-delivery systems can be devised to regulate drug release, modulate biodistribution, and improve bioavailability by increasing solubility and stability. 7) For example, bulleyaconitine A, another diterpenoid alkaloid of which the chemical structure, physicochemical properties, and pharmacologic actions are similar to those of aconitine, was reported to be incorporated into multivesicular liposomes to obtain sustainedrelease eŠects and increase the therapeutic e‹ciency. 8) Although Dong et al. 9) prepared aconitine-loaded liposomes with high drug entrapment e‹ciency (EE), no related in vitro release studies were reported. Aconitine-loaded albumin microspheres were also prepared by our group 10) and exhibited good sustained release in vitro, although drug loading (DL) was too low and when drug release was calculated based on the amount of 3 H-labeled aconitine, the in vitro release behavior of aconitine was not stimulated su‹ciently. In addition, because aconitine is a crystalline drug, it is also di‹cult to encapsulate into nanoparticles. 11 13) Hence, incorporating a crystalline drug into nanoparticles using an adapted preparation method while achieving delayed release represents a real challenge.
Consequently, the goal of this study was to optimize the encapsulation of aconitine into poly(d,llactide-CoGlycolide) (PLGA) nanoparticles to obtain both high drug encapsulation e‹ciency and sustained drug-release proˆles, which would be of great utility for the enhancement of bioavailability and the development of new delivery systems for aconitine. The advantage of employing PLGA as the carrier material lies in its biocompatibility and biodegradability. After stability studies on aconitine under diŠer-ent pH conditions, parameters such as the initial aconitine mass, aqueous-phase pH, volume ratio of the aqueous/organic phase (W/O), PLGA concentration in the organic phase, volume ratio of the acetone/dichloromethane (A/D), and polyvinyl alcohol (PVA) concentration in the aqueous phase were investigated. The mechanism of encapsulation was studied using diŠerential scanning calorimetry (DSC) and X-ray powder diŠraction (XRPD) methods. The in vitro release of the optimized formulation was evaluated under sink conditions.
EXPERIMENTAL

Chemicals and Reagents
Aconitine of 96.1％ purity (batch no. 08041202) was purchased from Xi'an Shanchuan Biotechnology Co., Ltd., China. PLGA (lactide/glycolide ratio, 80/20; MW, 15 kDa; batch no. 20071005) was obtained from the Department of Medical Polymers Shandong Institute, China. PVA 205 (88％ hydrolyzation degree, 500 polymerization degree) was supplied by Kuraray Co., Ltd., China. All other chemicals and solvents used in this study were of reagent grade.
pH Stability Studies PBS (0.1 M, pH 6.0, 7.4, 8.0) was used to study the eŠects of pH on the stability of aconitine. A stock solution of aconitine was prepared in methanol (100％), and an aliquot (0.2 ml) of this solution was added to 40 ml of each buŠer and incubated at 37°C. At various times, samples (in triplicate) of each solution were analyzed for aconitine content using high-performance liquid chromatography (HPLC) with a mobile phase of methanol/water/diethylamine (v/v/v＝75/25/0.1) at a ‰ow rate of 0.9 ml/min at 35°C. The analysis used a Diamonsil C18 (5-mm, 250-mm×4.6-mm) reversephase column (Dikma Technologies Beijing, China), an Alltech Model 426 HPLC pump, a Lab. Alliance Model 500-UV absorbance detector at 230 nm, and an Allchrom plus Client/Sever data operator. The injection volume was 20 ml.
Nanoparticle Preparation Nanoparticles were prepared according to the O/W single emulsion/solvent evaporation technique. Typically, PLGA polymer and aconitine are dissolved in an acetone/ dichloromethane (v/v) mixture to form the organic phase. The aqueous phase was PVA 205 solution (w/ v). Then the organic phase was emulsiˆed with the aqueous phase by sonication using a microtip probe sonicator ( JY92-II ultrasonic processor, Ningbo Scientz Biotechnology Co., Ltd., China). The organic solvent was immediately eliminated by rotary vacuum evaporation at 25°C. The initial aconitine mass, aqueous-phase pH, volume ratio of the aqueous/organic phase (W/O), PLGA concentration in the organic phase, volume ratio of acetone/dichloromethane (A/D), and PVA concentration in the aqueous phase were investigated in a single-factor screening experiment. Unless otherwise mentioned, all the experiments are carried out by varying one of the variables while keeping all the other processing variables constant: 4 mM of aconitine and 30 mg of PLGA (L : G, 80/20; MW, 15 kDa) in 1.5 ml of acetone/ dichloromethane mixture (v/v＝1) as the organic phase, and 4.5 ml of 1％ PVA 205 solution as the aqueous phase. Sonication was carried out at an energy output of 120 W for 2 min in an ice bath. The resultant samples were then puriˆed byˆltration through a 0.45-mm cellulose acetateˆlter membrane to remove unincorporated drug crystals as well as copolymer aggregates. Blank nanoparticles were prepared according to the same procedure omitting the drug. All batches of nanoparticles were produced at least in triplicate.
Determination of DL and EE of Aconitine To determine DL, the nanoparticle suspension was ultracentrifuged for 1 h at 25°C (22 000×g, Allegra X-22R Centrifuge, Beckman Coulter Inc., USA) and then the nanoparticle sediments obtained were lyophilized. Appropriate amounts of the lyophilized nanoparticle sediments were accurately weighed and then mixed with 3 ml of acetonitrile. The mixture was vortexed vigorously. After centrifugation at 25°C (92 ×g) for 10 min, 20 ml of the obtained supernatant was analyzed using HPLC and the actual amount of aconitine incorporated into PLGA nanoparticles was obtained. DL was calculated based on the percentage of the actual amount of aconitine incorporated into nanoparticles as a ratio of the total amount of lyophilized nanoparticle sediments.
To determine EE, the nanoparticle suspension was divided into two equal parts. One part was mixed with 5 ml of acetonitrile, and the total amount of aconitine in the nanoparticle suspension was determined. The other part was ultracentrifuged for 1 h at 25°C (22 000×g), and then the obtained supernatant was diluted with acetonitrile and further centrifuged. The amount of aconitine in the supernatants was determined. EE was calculated based on the percentage of the actual amount of aconitine incorporated into nanoparticles as a ratio of the total amount of aconitine in the nanoparticle suspension. Experiments were performed in triplicate.
Particle Size and Zeta Potential Analysis The mean particle size (Z-average) of the nanoparticle colloidal suspension was determined using a photon correlation spectroscope (Malvern Zeta-Size Nano ZS90, UK). The suspension was diluted appropriately with double-distilled water before each analysis. The zeta potential was measured using the same instrument following the same dilution in NaCl solution 1 mM. Each measurement was performed in triplicate.
Optical Microscopy Nanoparticle colloidal suspensions were placed between glass slides and observed with an Axiovert 40 inverted microscope (Carl Zeiss Shanghai Co., Ltd.) equipped with a Pixera Penguin 150CL-COOLED CCD digital camera systems (Pixera, USA).
Transmission Electron Microscopy
The morphology of nanoparticles was investigated using transmission microscopy (TEM, H-600IV, Hitachi, Japan). Before analysis, the samples were diluted (1：5), stained with 2％ (w/v) phosphotungstic acid, and placed on copper grids withˆlms for observation.
DSC and XRPD After crystal elimination, the nanoparticle colloidal suspension was subjected to ultracentrifugation (22 000×g for 1 h) to remove the free aconitine, and then the nanoparticle sediments obtained were freeze-dried. The lyophilized nanoparticles were accurately weighed in aluminum sample pans and then analyzed on a diŠerential scanning calorimeter (EXSTAR6000 DSC, Japan). The samples were heated at the speed of 10°C/min in the range of 60 250°C under a nitrogen atmosphere at a ‰ow rate of 50 ml/min. XRPD patterns were obtained using a PHILIPS X'Pert Pro MPD DY1291 diŠractom-eter. The samples were analyzed in the range of 5 50°(2u). Free aconitine, blank nanoparticles and the physical mixture of the two substances (the proportion was consistent with that in optimized nanoparticles) was chosen as a reference.
In Vitro Release of Nanoparticles After crystal elimination, ths nanoparticle colloidal suspension was diluted to a concentration of 150 mg/ml with doubledistilled water, transferred into the dialysis sac (8～12 KDa, Serua, Germany), and dialyzed against 40 ml of phosphate-buŠered saline (PBS) 0.1 M. During the dialysis, a constant temperature culturing shaking incubator (ZHWY-103B, Shanghai Zhicheng Analytical Instrument Manufacturing Co., Ltd.) was used, which was set at 37±1°C and mechanically shaken at 70 rpm. At designated time internals, 0.5 ml of dialysis medium was collected for measurement and the same volume of fresh medium was added. The amount of released aconitine was determined with HPLC using the method described previously in Section``pH stability studies''. To evaluate the in‰uence of medium pH on release behavior, PBS 0.1 M with diŠerent pH values, i.e., 6.0, 7.4, and 8.0, were investigated. Experiments were performed in triplicate.
Statistical Analyses Multivariate data analysis was performed using multiple linear regression on Statistical Product and Service Solutions software (SPSS V11.0, SPSS Inc., USA). 
RESULTS AND DISCUSSION
As a crystalline drug, aconitine was di‹cult to incorporate into solid lipid nanoparticles in our preliminary experiments. Therefore, in this study, to optimize the encapsulation of aconitine into PLGA nanoparticles using the O/W single-emulsion/solvent-evaporation technique, the eŠects of six parameters, the initial aconitine mass, aqueous-phase pH, volume ratio of the aqueous/organic phase (W/O), PLGA concentration in the organic phase, volume ratio of acetone/dichloromethane (A/D), and PVA concentration in the aqueous phase, on aconitine encapsulation were systematically investigated.
EŠect of Preparation Parameters on Formulation Characteristics
The eŠects of six formulation variables on particle size and EE of nanoparticles are shown in Figs. 2 4. Data of the eŠects of PLGA concentration in the organic phase, the volume ratio of acetone/dichloromethane (A/D) and the PVA concentration in the aqueous phase, which had no signiˆcant eŠects on the aconitine EE, are not shown. The particle size of the nanoparticles had a positive relationship with the PLGA concentration and W/O volume ratio, and a negative relationship with the A/ D volume ratio and PVA concentration. The results of multiple linear regression analysis showed that the PLGA concentration, PVA concentration, A/D volume ratio, and W/O volume ratio were the dominant elements ( p＜0.05, respectively) controlling the particle size, and that the initial aconitine amount and pH value of aqueous phase had no signiˆcant eŠects on particle size. As shown in Figs. 2 4, the EE of aconitine increased with the increase in PLGA concentration and the pH value of the aqueous phase, but decreased with the increase in the PVA concentration, A/D volume ratio, and W/O volume ratio. The results of statistical analysis demonstrated that the initial aconitine amount, pH value of the aqueous phase, and W/O volume ratio were the main variables ( p＜0.05, respectively) governing drug EE.
In‰uence of Initial Aconitine Amount Figure 2 shows that the EE of aconitineˆrst increased dramatically with the increase in the initial aconitine amount, until it reached about 80.85％ for an initial aconitine amount of 40 mM. However, with the further increase in the initial aconitine mass, the EE decreased signiˆcantly ( p＜0.05). Considering that aconitine is a crystalline drug, the change in the EE of aconitine with the increase in the initial aconitine was possibly decided by two competing factors: molecular dispersion of the drug within the polymeric matrix; and crystallization growth. 14) The EEˆrst increased because the former dominated over the latter. As the initial aconitine amount increased, the amount of drugs in the organic phase increased and then more drug molecules interacted with the polymeric matrix, resulting in the increase in the amount of aconitine entrapped. Nevertheless, with the increase in aconitine crystals, which was observed in optical microscopy (Fig. 5) , crystallization forces progressively dominated over the molecular dispersion of the drug within the polymeric matrix, and thus the EE was reduced, which was conˆrmed by theˆnding that as the aconitine amount increased (it was varied between 4 mM and 60 mM, which was well below the saturation limit in the organic phase during the experiment), more drug crystals were deposited from the colloidal suspension during the emulsiˆcation and solvent-evaporation process. When acetone and dichloromethane were eliminated by evaporation, drug solubility in the dispersion medium decreased, leading to the formation of crystals. 13) As shown in Fig. 2 , the particle size was independent of the initial aconitine amount.
In‰uence of Aqueous-phase pH Aconitine is a diterpenoid alkaloid and contains a tertiary amine group (Fig. 1) imparting weak alkalinity to the drug molecule. It is thus easily ionized in acid medium and consequently the aqueous solubility of aconitine is greatly enhanced. Conversely, under basic conditions, the neutral form is the main form of aconitine, and accordingly, its lipid solubility increases signiˆcantly. It was therefore reasonable to hypothesize that increasing the aqueous-phase pH and thereby increasing the solubility of aconitine in the internal phase could enhance drug entrapment into nanoparticles. To conˆrm the hypothesis, studies were subsequently carried out using the aqueous phase with diŠerent pH values.
The results are presented in Fig. 3 . Obviously, pH aŠects the EE of aconitine in the polymeric matrix dramatically (p＜0.05). The change in pH in the aqueous phase had inconsequential eŠects on particle size. The proˆles showed an increasing drug entrapment trend with an increase in the aqueous-phase pH from 3.4 to 10.1. Selecting water pH 3.4 as the internal phase led to only a 0.43％ EE, while pH 5.8 signiˆcantly increased EE to 22.36％. This occurred because with the increase in the aqueous-phase pH value, the degree of ionization of aconitine was probably reduced 15) and thus the neutral form became the main form of aconitine, especially at pH values greater than the pKa (5.78) of aconitine, 16) which contributes to migration of the drug into the organic phase, hence causing more aconitine retention in the polymeric matrix and resulting in the increase in EE. Although the EE of aconitine reaches the maximum at pH 10.1, the decomposition of PLGA and aconitine 6) could be promoted under such basic conditions, which is unfavorable for storage and administration. Therefore the aqueous-phase pH of 7.4 was employed in the optimized preparation. 17) EŠects of Aqueous/Organic-phase (W/O) Volume Ratio
The eŠects of the W/O volume ratio on the particle size and the EE of aconitine are presented in Fig. 4 . An increase in the W/O volume ratio resulted in a conspicuous increase in particle size (p＜0.05) and a notable decrease in drug entrapment ( p＜ 0.05). The reason for the increase in particle size may be as follows: on the one hand, the coalescence of droplets may be promoted by the gradual reduction in the amount of organic solvent available for diŠusion in the O/W emulsion. 18) On the other hand, the increase in the total volume of the aqueous and organic phases would reduce the net shear stress at a constant external energy input, leading to the increase in particle size. Although the W/O volume ratio increased and the total amount of PVA increased correspondingly, resulting in a reduction in interfacial tension and thereby decreasing the nanoparticle size, it was obvious that it was not the dominant factor when the W/O volume ratio was varied between 2 and 6. An increase in the W/O volume ratio may lead to a large quantity of drug molecules partitioning out into the aqueous phase during the emulsiˆcation procedure and fewer drug molecules remaining in emulsion droplets to interact with the polymer molecules, thus decreasing the EE of aconitine.
Optimization of Nanoparticle Formulation
In addition to exploring the three variables above, the PLGA concentration in the organic phase, acetone/ dichloromethane (A/D) volume ratio, and PVA concentration in the aqueous phase were also investigated systematically. The results showed that these parameters had no substantial eŠect on the aconitine EE (data not shown). Finally, regarding the relatively high EE and DL and small particle size, the optimized aconitine-loaded nanoparticle formulation corresponds to an initial aconitine amount of 40 mM, 30 mg of PLGA (80：20), 1.5 ml of the acetone/ dichloromethane mixture (v/v＝1), and 3 ml of 1％ PVA 205 aqueous solution (w/v) (pH 7.4) as the internal phase and external phase, respectively. The reason for selecting PLGA with the L：G ratio of 80： 20 as the carrier material lies in the increased hydrophobicity of polymer at higher L：G ratios, which increases the hydrophobic interaction of aconitine with PLGA. 19) Characterization of Optimal Nanoparticle Formulation
The zeta potential and size of unloaded nanoparticles and aconitine-loaded nanoparticles did not diŠer signiˆcantly. Both the optimized nanoparticles and unloaded nanoparticles demonstrated similar particle sizes (201±9 nm and 209±6 nm, n＝3, respectively) and negative zeta potentials (-3.99± 0.77 mV and -4.79±0.68 mV, n＝3, respectively).
The apparentˆnal yield (％), which could be calculated as a percentage of the total amount of lyophilized nanoparticle sediments in the total amount of initial materials, was 79.83±3.46％ (n＝3). The improved on EE of aconitine was conˆrmed by a relatively high DL rate (9.42±2.93％, n＝3) and EE (88.40±3.02％, n＝3). Corresponding TEM studies showed discrete nanoparticles with a spherical shape and smooth surface (Fig. 6) .
DSC and XRPD To investigate the physical state of aconitine in nanoparticles, DSC analysis was performed on aconitine, blank nanoparticles, aconitine-loaded nanoparticles, and the physical mixture of aconitine and blank nanoparticles. A drug may exist in either an amorphous state or a crystalline state in the polymeric matrix. Furthermore, a drug also may be present either as a solid solution or solid dispersion in an amorphous or crystalline polymer. 20) DSC curves are presented in Fig. 7 . Comparing the curves of aconitine, blank nanoparticles, aconitineloaded nanoparticles (with aconitine contents of 5.53 ％ and 9.42％), and the physical mixture (with aconitine contents of 5.53％ and 9.42％), it is obvious that pure aconitine showed a single sharp endothermic melting peak at 198.6°C (Fig. 7(F) ), which was broadened and slightly shifted to a lower temperature (196.1°C) for the 5.53％ and 9.42％ aconitine/blank nanoparticle physical mixture (Fig. 7(B), (C) ). However, the aconitine melting peak totally disappeared in the curves of the 5.53％ and 9.42％ aconitine-loaded nanoparticles (Fig. 7(D) , (E)), indicating the absence of crystalline drug in the aconitine-loaded samples, at least at the particle surface level. The polymer may have inhibited the crystallization of aconitine during nanoparticle formation. Hence, it could be concluded that aconitine formulated in the nanoparticles was in an amorphous or disorderly crystalline phase of a molecular dispersion or a solid solution state in the polymer carriers. 21) In addition, XRPD analysis was used to determine the crystalline content of aconitine in the nanoparticles. The graphs depicted in Fig. 8 show the XRPD patterns of aconitine, blank nanoparticles, aconitineloaded nanoparticles, and the physical mixture of aconitine and blank nanoparticles. It appeared that blank nanoparticles (Fig. 8(D) ) were in an amorphous state and that aconitine powder (Fig. 8(A) ) was crystalline. The crystal diŠraction peaks of aconitine were still visible for the 5.53％ and 9.42％ aconitine/blank nanoparticle physical mixture (Fig. 8(B) , (C)). Nevertheless, no crystalline diŠraction pattern was distinguishable in the graphs of the 5.53％ and 9.42％ aconitine-loaded nanoparticles (Fig. 8(E) , (F)), indicating that aconitine was present in the nanoparticles in an amorphous state, which was consistent with the results of DSC analysis.
pH Stability Studies and in Vitro Aconitine Release from Nanoparticles
Aconitine contains ester moieties in the molecule (Fig. 1) and is easily hydrolyzed to form more polar compounds. 6, 22) Considering pH as one of the main factors aŠecting aconitine hydrolysis, which would aŠect its release from nanoparticles, the pH stability of aconitine in PBS was investigated. The results were shown in Fig. 9 . At pH 6.0, about 52.98％ of the aconitine still remained in hydrolysis medium during 56-h incubation. However, there was nearly 100％ decomposition of aconitine in the weakly alkaline PBS solutions (pH 7.4, 8.0) after incubating for 22 h and 8 h, respectively. Obviously, compared with weakly acidic conditions, aconitine was more unstable under weakly basic conditions and the increasing basicity in the medium solution markedly promoted the degradation of aconitine at 37°C.
The proˆles of aconitine release from nanoparticles at diŠerent pH values are presented in Fig. 10(A) and (B). Figure 10(A) shows that at pH 6.0 a 32.02％ release occurred within theˆrst 6 h of incubation, followed by a relatively slow-release phase, and 78.69％ of the active drug was released after 56 h of incubation. Despite the two crystalline drugs (aconitine and dexamethasone) exhibiting similar poor solubility in water, the release of aconitine shown here was much slower than that of the dexamethasone-loaded PLGA nanoparticles prepared using a similar emulsiˆcation/ evaporation method, 14) in which about 100％ of dexamethasone was released in 4 h under sink conditions. At pH 6.0, the 32.02％ release at the initial stage proceeded by means of both the hydration of the interfacial aconitine molecules and their passive diŠu-sion; the relatively slow-release phase after theˆrst few hours of incubation may be attributed to the drug incorporated into the inner core of nanoparticles.
As presented in Fig. 10(B) , the drug release from nanoparticles reached the maximum after 10 h (pH 7.4) and 6 h (pH 8.0) of incubation in the release medium and then decreased gradually. This occurred possibly because the decomposition rate of aconitine in weakly alkaline solutions dominated over the drug release velocity by degrees with the passage of incubation time. However, aconitine is so stable in acidic aqueous solution that the drug release amount at pH 6.0 increased continuously in a time span of 12 h. Compared with Fig. 9 , Fig. 10(A) shows that at pH 6.0, the drug release amount (78.69％) was much greater than that of the residual drug (52.98％) in the same incubation time period (56 h). Similarly, at pH 7.4, compared with 26.35％ of aconitine released from nanoparticles, only 23.90％ remained after hydrolysis in theˆrst 12 h of incubation time; aconitine totally decomposed in the hydrolytic solution at pH 8.0 while 10.23％ of drug remained in the release medium (8 h). These results indicated that the incorporation of aconitine into PLGA nanoparticles could lead to improvement in the stability of aconitine. In addition, the pH dependence of drug release illustrated in Fig. 10(B) is a remarkable phenomenon. The rate of drug release had a negative relationship with the release medium pH. This can be explained by the diŠerence in the solubility characteristics of aconitine under acidic and alkaline conditions. Because of the ionization of drug molecules in acidic pH medium, the solubility of aconitine greatly increased, which promoted the diŠusion of aconitine from the particle surface to the release medium. On the contrary, the neutral form is the main form of aconitine in alkaline pH medium, thereby resulting in the poor solubility of aconitine, which hinders faster release.
In conclusion, aconitine-loaded PLGA nanoparticles with fairly high EE and DL were prepared for thê rst time using an O/W single-emulsion/solventevaporation technique. We assessed the eŠects of six formulation parameters on drug entrapment. From the analyses of the diŠerent changing trends with the change in formulation variables presented by the EE, both the chemical interaction between the polymer molecules and drug molecules and the migration of drug into the external aqueous phase are crucial factors controling the drug incorporation e‹ciency. Crystallization growth, which plays a vital role in hindering the incorporation of aconitine into the polymer matrix, is proposed. Additionally, the in vitro drug release proˆles indicated that the sustained release of aconitine from nanoparticles was achieved and aconitine-loaded PLGA nanoparticles could lead to improvement in the stability of aconitine in PBS at diŠerent pH values. The results of this study demonstrate the feasibility of encapsulating aconitine into PLGA nanoparticles using the O/W single-emulsion/ solvent-evaporation technique, which indicates that the potential carrier of the nanoparticle delivery system for aconitine is feasible and could provide valuable references for subsequent research on aconitine and a series of diterpenoid alkaloids similar to aconitine in structure and physicochemical properties.
